A multiresidue analytical method using a gas chromatograph equipped with electron capture detector (GC/ECD) was optimized for the analysis of sixteen organochlorine, organophosphate, OCPs and other pesticides residues in order to improve the soil quality in the Jordan valley.
Introduction
Organochlorine compounds (OCCs) such as polychlorinated biphenyls (PCBs), organochlorine pesticides (OCPs) and chlorinated benzenes (CBz) are classified as highly persistent organic pollutants (POPs) [1] . Prior to being banned between 1980 (Ministry of Agriculture) and 1990 (Ministry of Health), organochlorine pesticide had been used in Jordan for over 50 years for public -health and agricultural purposes.
Organochlorine pesticides were chosen due to low cost and versatility in controlling insects [2] [3] [4] [5] [6] . Pollution caused by organochlorine pesticides is more potent than organophosphates, carbamates and other pesticides due to their persistence in nature [7] . A number of factors appear to control the fate, amount and behavior of OCCs in the soil matrix. Physical factors include soil characteristics such as texture, structure, porosity, organic matter content and moisture content. Physiochemical properties of the OCCs include molecular size, ionic nature, vapour pressure and water solubility.
Other characteristics such as application history and agricultural practices may also control the fate of the OCCs [8] [9] [10] [11] [12] . The Jordan Valley is considered as the most important agriculture area in Jordan where many important crops are grown. Many agricultural insect pests and diseases attack cultivated crops in this region, so that huge quantities of pesticides were applied to control these insect pests and diseases.
For example, in 1994, the cost of chemical pesticides used in Jordan the Valley farms reached about 24% of operating costs [13] .
It has become necessary to evaluate the impact of long-term pesticide application on agricultural soil and pesticide residues in the southern part of the Jordan valley in order to mitigate future environmental hazards. Therefore the goal of the present work is to evaluate the concentration of pesticides residues in soil samples collected from different sites in southern part of the Jordan Valley. Ghor Al Mazra`a and Ghor Haditha ( Figure 1 ). The study area is known for many agricultural practices requiring frequent application of pesticides and fertilizers. The sampling sites were chosen so that they represent the whole arable land and its different agricultural activities in the investigated area. The chosen sites are assumed to have high pesticide usage for controlling pest and diseases on vegetable crops and citrus orchards.
Materials and methods

Sampling Sites
Sampling and Sample Treatment
The soil samples were collected from two depths: twenty samples collected from surface soil depth of 0-15 cm (A 1 to A 20 ) and another twenty samples from the depth at 15-30 cm (B 1 to B 20 ). Each individual soil sample was collected randomly from an area of five square meters and pooled together to get one homogenized and representative sample. Combined samples were separately placed in glass jars, labeled, stored in a chilled container and transferred directly to the laboratory at the Mutah University. The collected samples were sieved for < 2 mm and stored at -20ºC until time of analysis.
Soil moisture content was determined using the gravimetric method, where ten grams of soil samples were dried in a drying oven overnight at 104ºC. The pH value was measured for all soil samples using pH-meter [14] . Organic matter content in soil samples was measured using Walkley-Black´s wet oxidation method, and the soil texture (percentage of clay, silt and sand) was determined using the hydrometer method [15] . 
Pesticide Reference Standards, Solvents, Reagents and Glassware
Sixteen individual pesticides reference standards (aldrin, β-endosulfan, 
Soil Extraction
The wet homogenized soil sample containing 50 g of soil material was placed separately in a 500 mL Erlenmeyer flask. Extraction was carried out with 150 mL of a (2:1) acetone/water mixture. The mixture was shaken overnight using a horizontal shaker at a shaking rate of 220 rpm. After adding 15 g of NaCl and 100 mL of cyclohexane, the mixture was shaken for an additional 1 h to complet the liquid-liquid partitioning. The organic layer was decanted into 250 mL erlenmeyer flask and dried over 15 g anhydrous sodium sulfate. Next, the extracts were evaporated using a rotary evaporator at 40ºC and 335 mbar and the residue was dissolved in 5 mL of n-hexane/ ethyl acetate mixture (1:1% v/v).
Florisil Column Clean Up
The sample residues were cleaned up on a florisil column to eliminate interference substances. The Florisil was activated at 150ºC overnight prior to use.
The chromatographic column was rinsed with 50 mL of n-hexane and packed with 10 g of florisil and 1 g of anhydrous sodium sulfate. Residues from the previous step were added quantitively on the top of the florisil column and eluted with 50 mL of a mixture of n-hexane/ethyl acetate: (1:1 v/v). The eluat was evaporated nearly to dryness using a rotary evaporator and then using a gentle nitrogen stream. The residues were dissolved in 1 mL of the above mentioned solvent mixture and then injected onto the GC column. The elemental sulfur was removed before analysis using tetrabutylammoniumsulfite (TBAS) method [16] .
Analysis of Pesticides
Pesticides residues were analyzed using GC-ECD: Clarus 500 gas chromatography equipped with HP-5 fused silica capillary column (30 m, 0.32 mm i.d., 0.25 µm film thicknesses) (HP ® , USA).
The oven temperature was programmed from 50°C (initial time, 2 min) then heated to 180ºC at a heating rate of 10ºC/min, and held at 180ºC for 15 min, then heated to 280ºC at a heating rate of 20ºC/min and finally held at 280ºC for 3.5 min.
The injected volume was 1 µL using the splitless mode. Helium of grade 5 (99.999% purity) was used as the carrier gas at flow rate of 1.5 mL/min and highly pure nitrogen at a flow rate of 40 mL/min was used as make-up gas. The injector and detector 
Quality Control and Quality Assurance
The efficiency of the extraction procedure of OCPs in soil samples was checked by: external calibration and linearity, limit of detection (LOD), instrument precision (repeatability), percent recovery rate of the residue grade analytical procedure and confirmation of GC/ECD results using Gas Chromatography /Mass Spectrometry (GC/MS) [17] . 
Optimization of the extraction procedure
The results of extraction procedure of 16-OCPs indicate that the mixture of nhexane and ethyl acetate gave higher recovery rates compared to ethyl acetate/cyclohexane. Therefore, the mixture of n-hexane and ethyl acetate was used as extraction solvent for all soil samples.
Statistical analysis
A Principle component analysis was done using SPSS Statistics version 17.0 and the results have been graphically displayed as loading plots shown in figure 7.
Results and discussion
Physicochemical Characteristics of Soil
The fate and behavior of pesticides depends on various soil properties, including organic matter content, type and amount of clay, ion exchange capacity and pH. In addition, the various physico-chemical parameters of these compounds such as water solubility and octanol-water partition coefficient (K ow ) play an important role too. [18] Basic physicchemical parameters of the studied soil samples collected from the Jordan valley are shown in table 1. The Organic Matter content of these samples are ranged from 0.61 -2.32%, which is higher than 0.16-1% typically seen in the arid and semi-arid region of north-western Jordan [19] . Soil organic matter acts as a non-polar phase or surface, and consequently is the main sorbent for pesticides of low polarity such as the organochlorine pesticides which have low K ow values [20] . Therefore, soils with high organic carbon content are more likely to adsorb lipophilic organochlorines than those with lower organic carbon content. Additionally, it was found that pesticides exhibit a quite different behavior in soil column that can be related to their physico-chemical properties [21] . The soil texture among collected soil samples ranged from sandy clay loam to sandy loam according to the United State Department of Agriculture (USDA)
classification. Generally, the results showed that there were no significant differences in the physiochemical parameters between sampling depths at each site. Therefore, no effect would be resulted on pesticides concentration levels due to similar soil texture. 
Quality Control and Quality Assurance
The linearity of each calibration curve was checked using correlation coefficient (r 2 ), which exceeded 0.995 for most of targeted pesticides. Recovery tests were done using blank soil sample spiked with all compounds. Also unspiked blank soil sample from the same source was analyzed to check for background interferences. The recovery assays were replicated seven times. The recovery rate for all OCPs was ranged from 70% to 120% with the exception of Fenarimol, which was 129%. The relative standard deviation (RSD) values were ranged from 1.5 to 25%. The limits of detection (LOD) were calculated by a signal to noise ratio of (3:1), were ranged from 0.8 to 940.3 µg/L as shown in table 2. Samples were considered positive when their residue levels ≥ LOD. The method reproducibility was checked for organochlorine pesticides through the analysis of standard solutions (0.5 and 1.0 µg/L) several times (n = 6) and the precision was expressed as RSD (< 6%).
Levels of Pesticides Residues in Soil Samples
The mean, minimum, maximum and standard deviation (SD) of the studied . Additionally, the toxicity equivalence methodology is an important tool for assessing the cumulative toxicity of a complex mixture of dioxin-like PCDDs, PCBs and pesticides [22, 23] . However, there is no available data in the literature for the target pesticides and the application amounts and periods in the investigated area. Therefore, it was not possible to calculate the Toxicity Equivalence Factor in order to evaluate the cumulative risk assessment for the investigated samples. [24] . Additionally, pesticides can be removed from the soil by plant uptake [25] .
Correlation between pesticide residues and soil depth (A and B) were 
Comparison with previous local studies
Few studies on pesticide residues, particularly chlorinated hydrocarbon compounds, in soil have been carried out in Jordan. Previous studies indicate that several locations such as the Jordan valley [4, 26, 27] , alshobak area and Mu'tah university [6, 28] , were contaminated with various concentrations of organochlorine pesticides. 
Comparison with other Regions
Evaluation of Inputs using Principle component Analysis
Principle component analysis was used to investigate the distribution pattern of organochlorine compounds in each depth of soil and across all investigated sites.
For the first sampling set A1 -A10, the samples were classified into three groups (Group 1, Group 2 and Group 3).Group 1 is consisting of sampling locations (A1 to A10, A12 to A14 and A17 to A20) which were characterized by similar OCPs concentration profiles. Whereas, locations (A11 and A16) were classified within group 2 that has high concentrations of Cypermethrin and low concentration of other OCPs.
Finally, Location (A15) was classified as a separate group 3 because it was characterized by high concentration of Myclobutanil and low concentration of other pesticides, Figure 7 .a.
The second sampling set B1-B20 at soil depth of 15-30 cm (Figure 7 . b), Group 1 is consisting of sampling locations (B1 to B10, B12 to B14 and B16 to B20) that were characterized by similar OCPs concentration profiles. Whereas, location B11 within [29] o,p'-DDE nd -515.02 0.1 -10 UK [29] o,p -DDT nd -171.31 nd -21.01 China [30] γ-HCH nd -73.3 nd -1.46 China [30] Aldrin nd -29.75 nd -6.62 China [30] HCB nd -3.02 0.1 -3.62 China [30] HCH nd -73.3 0.77 -2.97 Korea [31] p,p`-DDE 8.39 -1309 0.34 Korea [31] Aldrin nd -29.75 0.34 -0.79 Korea [31] Endosulfan sulfate nd -42.52 240.7 Tanzania [32] o,p' -DDE nd -515.02 148.2 Tanzania [32] o,p' -DDD nd -24.09 154.0 Tanzania [32] Endosulfan nd -23.55 1530 -3000 Jordan valley [27] β-Endosulfan nd -211.25 2640-34360 Jordan valley [27] o,p' -DDT nd -171.31 4050 Jordan valley [26] o,p' -DDE nd -515.02 100 -460 Jordan valley [26] HCB nd -3.02 0.7 -3.75 Germany [33] o,p' -DDT nd -171.31 13.7 -87.1 Germany [33] o,p' -DDT nd -171.31 102 Albanian [34] o,p'-DDE nd -515.02 58 Albanian [34] * nd: Not Detected 
Correlations
There were no significant correlations found between the physical and chemical properties of soil samples and the concentration of organochlorines pesticide, Table 5 .
This might be explained due to low detected pesticides concentration and variations of physic-chemical soil properties. It was found that soils with different physico-chemical properties have different effects on the adsorption of most pesticides, especially at higher concentration levels [18] . Finally, the individual pesticides concentration in all soil samples are shown in table 6. The results of this study have showed that OCPs which were banned in the country may still be detected in some agricultural land in southern part of the Jordan valley and its surroundings as they showed considerable concentrations in the soil and they were characterized by long half time. The significance of the presence of OCPs and other pesticides in soil is that they may enter the food chain easily and eventually affect the human health.
